The microwave performance potential of Si/SiGe pseudomorphic MODFETs are studied, in comparison to state of the art InGaAs pseudomorphic HEMTs. Both devices have equivalent structures corresponding to a physical HEMT used for calibration. We use an RF analysis technique based on transient Monte Carlo simulations to estimate the intrinsic noise figures, the RF figures of merit fv and fmax, and the effect of contact and gate resistances. Both devices exhibit velocity overshoot below the gate region. It is shown that the difference in noise figures and fT values can be mainly attributed to differences in device channel velocity, fmax exhibits a strong dependence on device contact resistance, eroding some of the performance advantage of the pseudomorphic HEMT.
INTRODUCTION
Recent theoretical and experimental studies show that low field mobility and velocity overshoot are enhanced in Si layers grown pseudomorphically on relaxed SiGe substrates. Induced strain breaks the six-fold degeneracy of the Si conduction band, resulting in an .improved band offset for the two conduction valleys whose transverse effective mass is in the plane of the heterojunction. This increases the in plane effective mobility and reduces intervalley scattering in the Si layer [1] . Modulation doped field effect transistors (MODFETs) based on this material system have been demonstrated, and show significant potential for RF applications [2, 3] . Although measured mobilities are lower than those reported in optimal III-V based devices, the compatibility between SiGe and conventional Si processing technology makes such MODFETs attractive for Si MMICs design and microwave signal processing applications integrated on conventional Si chips. Therefore, comparison of strained Si channel devices with well established members of the III-V family will provide greater insight into their potential performance and limitations.
As part of this goal, we here study the microwave performance potential of a Si/SiGe pseudo- [1] treatment of the effect of the strain on the Si chanpel band structure, with conduction band splitting of AEc 0.67x (eV) and band gap Eg 1.11 0.74x (eV). However the six phonon scattering model of Jacoboni [5] is implemented, instead of the four phonon model in [1] . Acoustic and ionised impurity scattering modes are also included, with ionised impurity scattering calculated from the Brooks-Herring model [6] . Bulk velocityfield characteristics obtained from the model are in agreement with experimental unstrained Si data at 77 K and 300 K and previous results for strained Si [1, 7] . The transient Monte Carlo simulations begin by following 5 104 superparticles for 2 ps settling time at d.c. bias, then a further 2.02.6 ps during which device statistics are recorded at fs intervals. A step change A V 0.2 V, or A VD 0.3V is then consecutively applied, and the transient response measured for a further 2 ps. It is found that structure and doping dependant THz oscillations in device drain current (possibly due to plasma oscillations in the channel, or in the heavily doped cap layer) may mask the detailed form of the transients, and so a number oftraces are averaged to define the response. Complex y-parameters are derived by Fourier transforming these terminal current transients, and used to extract the small signal equivalent circuit, intrinsic noise figures, and estimate the RF performance figures of merit fT (cutoff frequency) and fma (maximum frequency of oscillation). Finally, the small signal equivalent circuit is augmented by the addition of external impedance, and thus the effect of contact and gate resistance on the 'real' device operation estimated.
A detailed description of the analysis process is given in [4] .
RESULTS AND DISCUSSION
The average velocity in the channel of both devices is compared in Figure 2 for a d.c bias of VD 1.5 V and V -0.25 Vo In the pseudomorphic HEMT this corresponds to the region of maximum transconductance, while in the pseudomorphic MODFET it is the region of maximum transconductance achieved while constraining parallel conduction in the -doped region to less than 10% of total conduction. The gate extends from x= -0.12 0.0 tm. Both devices show distinct overshoot below the gate region. Peak velocity in the pseudomorphic MODFET, at the drain end of the strained Si channel, approaches twice the saturation velocity of bulk unstrained Si. The ratio between peak velocity in the MODFET compared to that of the pseudomorphic HEMT InGaAs channel is 2.8. Figures 3-5 and Table I characterise difference in noise figures between the two devices can be attributed to the differences in transconductance-and thus to differences in channel velocity. nterests lie in the field of nanometre-scale fabrication and its application to electronic and optoelectronic devices. He has over 100 publications on electron beam nanolithography, dry etching, short-gate III-V based transistors, quantum transport devices, the optical properties of quantum dots, and single electron devices. Latterly he has become involved with the issue of manufacturability of mm-wave circuits and the use of nanometre-scale fabrication techniques coupled with technology-based device simtlations to forecast performance and yield with the minimum of process iterations.
